Entamoeba histolytica infection and colitis occurred in 55% and 4%, respectively, of a cohort of Bangladeshi preschool children observed for 2 years. DNA typing demonstrated that infecting E. histolytica isolates were genetically diverse. Innate resistance to infection in children was linked to the absence of serum anti-trophozoite IgG. Most children who lacked serum anti-trophozoite IgG failed to develop it in response to a new infection. The serum antitrophozoite IgG response clustered in families, which is consistent with genetic inheritance. Acquired resistance to infection was linked to intestinal IgA against the carbohydrate-recognition domain of the E. histolytica galactose N-acetyl-D-galactosamine lectin. This was associated with an 86% reduction in new infection over 1 year. Amebiasis is a common and potentially serious infection in children from Dhaka, and both innate and acquired immune responses limit infection.
preexisting serum IgG antibodies to the lectin were more susceptible to amebic infections.
Methods
Study protocol. Preschool children (2-5 years old) from Mirpur, an urban slum in Dhaka, Bangladesh, were enrolled as described elsewhere [4] . Diarrhea was defined as у3 loose or watery stools in a 24-h period. Amebic colitis was defined as a diarrheal stool sample containing occult or gross blood that was positive for E. histolytica and negative for infection with Shigella, Salmonella, and Campylobacter species. We did not routinely test for Shigatoxin-producing Escherichia coli (STEC), because our survey of 248 diarrheal stool samples from these study children revealed no STEC infections. We also did not test for human immunodeficiency virus infection, because of its low prevalence among high-risk groups in Dhaka [23] . Infection was diagnosed by detection of antigen in stool, by the E. histolytica II test (designed to detect specifically E. histolytica in stool) performed according to the manufacturer's instructions (TechLab) [24] [25] . Stool samples also were cultured for Entamoeba species in Robinson's medium within 6 h of collection. Strain-specific DNA typing was performed as described elsewhere [26, 27] .
Analysis of serum and stool anti-lectin antibodies. Serum IgG and stool IgA antibodies against the lectin lecA, the carbohydraterecognition domain (CRD), or whole-trophozoite antigens were determined by ELISA using 96-well plates coated with 0.2 mg/well whole-trophozoite antigens or 0.1 mg/well purified Gal/GalNAclectin, CRD, or lecA [4, 22, 24, 28] .
Statistical analysis. All data collected were computer coded and analyzed by SPSS software (version 7.5; SPSS). Comparisons among means of different variables were made with Student's t test or, if the variables were not normally distributed, a nonparametric test. The x 2 and Fisher's exact tests were used for categorical var- iables, to compare proportions between 2 groups. For all methods, was considered to be statistically significant. General es-P ! .05 timating-equation methods were used with Stata statistical software (version 6.0; StataCorp) in the familial studies of serum IgG antibodies, with adjustment for possible risk factors and with the dependence among family members taken into account. The marginal odds ratios (ORs) and 95% confidence intervals (95% CIs) were computed for each logistic regression model. The OR measured the association between a risk factor and trophozoite IgGpositive (IgG ϩ ) versus trophozoite IgG-negative (IgG Ϫ ) status for relatives of case patients and control subjects.
Results
Detection of new E. histolytica infections. Children (2-5 years old) from Mirpur, an urban slum in Dhaka Bangladesh, were enrolled in this prospective study [4] . The study was designed so that half the enrolled children had preexisting serum antiGal/GalNAc-lectin IgG antibodies. After 2 years of observation, 80% (230/289) of enrolled children remained in the study.
Surveillance stool samples were collected monthly and with every episode of diarrhea. New E. histolytica infection was defined as an E. histolytica-positive stool sample (culture or antigen detection) preceded by у2 months of negative stool samples. In fact, most new E. histolytica infections observed in this study occurred after 6 months of no infection, and changing the definition of new infection to require 6 months without infection did not alter the statistical significance of the results presented here.
E. histolytica infections were detected by antigen capture from stool samples. Because of concern that anti-amebic IgA antibodies present in stool could decrease the sensitivity of antigen-detection tests used for monthly infection surveillance, antigen detection was compared with polymerase chain reaction (PCR) results, for the identification of E. histolytica. PCR amplification of the E. histolytica small-subunit rRNA gene was performed for 100 stool samples that were negative for E. histolytica antigen: 50 contained anti-lectin IgA antibodies, and 50 did not. PCR detected E. histolytica DNA in 3 of the 50 IgA ϩ samples and in 0 of the 50 IgA Ϫ samples ( ). We P p .12 concluded that antigen detection was a reliable method, even in the presence of stool anti-lectin IgA. However, to make the study as rigorous as possible, we performed antigen detection and culture on every stool specimen, to provide independent determination of E. histolytica infection.
Incidence of amebiasis in the cohort of children. New E. histolytica infections were detected in 55% (127/230) of the children during 2 years of observation. More children were infected for the first time in year 1 than in year 2 (90/230 vs. 37/230, respectively;
). Of the 127 children with new E. histo-P ! .001 lytica infections, 80% (101/127) were asymptomatic. Of children with asymptomatic E. histolytica infection, 12% (12/101) went on to develop diarrhea within 2 months of onset of asymptomatic infection. Overall, 20% (26/127) of the E. histolyticainfected children had diarrhea, and 8% (10/127) had amebic colitis. More than one new E. histolytica infection was seen in 17% (40/230) of the study children. We concluded that E. histolytica infection was common and that the lower rate of new infection in year 2 was consistent with a subpopulation of the children being immune.
Consecutive infection of children by different strains of E. histolytica. Since many of the children were infected more than once, we wondered whether these infections were due to different strains of the parasite. The development of PCR techniques for the identification of genetic polymorphisms in the gene encoding serine-rich E. histolytica protein (SREHP) enabled us to identify or "type" different strains of E. histolytica from infected children in Mirpur [27] . We succeeded in amplifying the SREHP gene in у2 stool samples collected monthly, from the same child, in a subset of 39 children over a period of 2 years of observation. These samples gave a total of 119 amplification products and 80 pairs of comparison samples. There were 62 different SREHP polymorphisms observed among the 119 samples (figure 1). Differences in the SREHP gene were most frequently observed between 2 E. histolytica infections in the same child that were separated in time by у2 months of no infection. For example, 88% (30/34) of strains were different when they were separated in time by у2 months of no infection, compared with 22% (6/27) of strains being different when there was no interval without E. histolytica infection. This result served as independent verification of our definition of "new infection," which required that a minimum of 2 monthly surveillance stool samples be negative for E. his- ]) stool anti-CRD IgA at the time of enrollment n p 218 were monitored for 12 years, for new E. histolytica infections, as detected by antigen detection in monthly stool samples. The 2 groups were statistically significantly different ( ) at month 11 and P р .05 months 14-24. B, Children who developed stool anti-CRD IgA lectin antibodies in the first year of the study ( ) had a lower incidence n p 81 of new E. histolytica infections in year 2, compared with children who remained negative for anti-CRD IgA ( ). The 2 groups were n p 149 statistically significantly different ( ) at every time point. P р .04 ]) antibodies at entry into the study 87 n p 111 were monitored for 24 months, for new E. histolytica infections, as revealed by antigen detection, in monthly stool samples. The levels in the anti-trophozoite IgG ϩ group are significantly higher than those in the other 2 groups, at all time points ( ) except 2 months. P р .05 tolytica. We concluded that many of the new E. histolytica infections in Mirpur were caused by genetically distinct strains of E. histolytica.
Mucosal IgA anti-Gal/GalNAc-lectin CRD antibodies and protection from amebiasis. We have reported elsewhere [4] that the children who had stool lectin IgA-specific antibodies at entry into the cohort had 64% fewer new E. histolytica infections at month 5 of follow-up. In the present study, we aimed to refine this analysis by examining the association between protection from infection and IgA antibody responses against the active site of the lectin (i.e., the CRD). The CRD is located within the cysteine-rich region of the Hgl heavy subunit of the lectin [22] . The CRD region was expressed in E. coli, purified, and used to coat microtiter plates, to detect IgA antibodies.
Because anti-lectin IgA is detectable in stool samples for, on average, only 31 days (range 8-112 days) after a new E. histolytica infection, very few ( ) of the children had den p 12 tectable stool anti-CRD IgA at entry into the study. The 12 children who had stool anti-CRD IgA at entry into the study had a 17% incidence of new E. histolytica infection at 2 years, compared with 57% in children without this response (P ! ; figure 2A ). There was also a lower (but statistically insig-.001 nificant) incidence of amebic diarrhea and colitis in children with stool anti-CRD IgA: 1 of 29 children with diarrhea and 1 of 10 children with dysentery associated with E. histolytica infection had stool anti-CRD IgA at entry into the study ( and , respectively, compared with the frequency P p .1 P p .44 of E. histolytica-associated diarrhea or dysentery in children without anti-CRD IgA).
Stool anti-CRD IgA was detected in the monthly surveillance stool samples of 81 children in the first year of the observational study. Stool anti-CRD IgA was detected within 1 month of resolution of infection in 69% (11/16) figure 2B). The lower incidence in anti-CRD IgA ϩ children was also observed when the data were analyzed by stool culture, as opposed to antigen detection. For 12 months, 1.2% of the anti-CRD IgA ϩ children had an E. histolytica infection detected by culture, compared with 7.4% of the anti-CRD IgA Ϫ children ( ). We concluded that anti-CRD IgA antibodies were P p .04 associated with protection from new E. histolytica infection.
Paradoxical increased incidence of new E. histolytica infections in children with serum anti-trophozoite IgG antibodies.
In year 1 of the study [4] , we observed that children with serum anti-lectin IgG had a higher rate of new E. histolytica infection. In the present study, we determined that almost all (95%) of the children with serum anti-lectin IgG also had anti-trophozoite IgG. Children with serum IgG trophozoite-specific antibodies had 37% more new E. histolytica infections at 2 years of follow-up (63%, vs. 46% among anti-trophozoite IgG Ϫ children;
; figure 3 ). In the population, 14.6% of preschool P p .01 children had the anti-trophozoite IgG ϩ trait. Therefore, 5.1% of the incidence of E. histolytica infection in the total population was due to the increased risk of infection associated with the anti-trophozoite IgG ϩ trait. Infection with E. histolytica not only was more frequent but also appeared to be more severe in children who were anti-trophozoite IgG ϩ , with 19% having diarrhea, compared with 5.4% among IgG Ϫ children (P p ; ). Children with serum anti-CRD P ! .05 IgG did not have the increased rate of new infection seen in association with anti-trophozoite serum IgG (figure 3). We concluded that serum anti-trophozoite IgG, but not adherenceinhibitory serum anti-CRD IgG, is a marker for increased risk of amebiasis.
Not all children respond to E. histolytica infection by producing serum anti-trophozoite IgG. Of 47 new E. histolytica infections among children who lacked serum IgG anti-trophozoite antibodies at entry into the study, only 9 (19%) resulted in the development of serum anti-trophozoite IgG. This result contrasted with an increase or maintenance of anti-trophozoite IgG level after a new E. histolytica infection in 60 (80%) of 75 of the children who were initially anti-trophozoite IgG ϩ . We concluded that, in most cases, the absence of serum anti-trophozoite IgG antibodies was not due to lack of exposure to E. histolytica infection.
The serum anti-trophozoite IgG antibody response associated with susceptibility to amebiasis runs in families. The failure of most children who lacked serum anti-trophozoite IgG to develop anti-trophozoite IgG along with a new E. histolytica infection was consistent with a genetic basis for this trait. Familial aggregation of serum anti-trophozoite IgG would also be expected if the trait is genetic, but it could be seen if the trait is due to environmental spread within a household. We examined family members of the index children, for serum trophozoite-specific IgG: 217 and 211 family members of 65 anti-trophozoite IgG ϩ and 59 anti-trophozoite IgG Ϫ children, respectively, were examined. The number of subjects per family was 3-8, with a mean of 5. There were 189 parents (105 mothers and 84 fathers). There were 214 siblings, of whom 96 were trophozoite IgG ϩ and 118 were trophozoite IgG Ϫ , with a mean age of 7.7 years. There were a total of 66 affected sibling pairs in which both the proband and the sibling were trophozoite IgG ϩ (table 2) . Analysis of 214 siblings and 99 sibships with the index child showed that the risk of having serum anti-trophozoite IgG was significantly different for case and control families. Siblings of an anti-trophozoite IgG ϩ index child had 4.8-times-higher odds (95% CI, 2.34-9.90) of having an anti-trophozoite IgG ϩ antibody response themselves, compared with siblings of an anti-trophozoite IgG child. The association persisted after age, sex, and helminth coinfections were taken into account (table 3) .
A separate analysis of 189 parents and 108 parent-index child relationships did not show statistically significant associations. The lack of an association between anti-trophozoite IgG status of parents and that of their children could be to a trait that is evident only in childhood or is due to infrequent infection in adults, leading to declining anti-trophozoite IgG responses. We concluded that family aggregation, combined with the failure of most anti-trophozoite IgG Ϫ individuals to become IgG ϩ with a new E. histolytica infection, was consistent with genetic contributions to the anti-trophozoite IgG ϩ trait.
Discussion
The most important finding of this study is the contribution of innate and acquired immunity to amebiasis. Innate immunity was associated with the lack of serum anti-parasite IgG. Acquired immunity was linked to a mucosal immune response against the CRD of the Gal/GalNAc-lectin. Resistance to infection was seen despite the fact that children were infected with genetically diverse strains of E. histolytica. Although, in an observational study, it is not possible to prove causation, one can speculate that the intestinal anti-CRD IgA response was at least partially responsible for the observed immunity. The CRD region is antigenically conserved, and antibodies against it neutralize amebic adherence and passively protect against amebiasis in an animal model [22] . These studies provide, at the very least, a surrogate marker for vaccine-induced protection against amebiasis.
Although it may seem paradoxical that children who lacked serum antibodies against E. histolytica were at decreased risk for future infection, there is precedent for this in other infectious diseases. Antibodies against Leishmania species are observed in highest titers in patients with the highest parasite burdens [29] [30] . Likewise, serum anti-Mycobacterium leprae antibodies are present in 95% of patients with lepromatous leprosy (the form of leprosy with the highest concentration of bacteria) but in only 50% of patients with tuberculoid leprosy [31] . It is of note that, in all 3 diseases (amebiasis, leishmaniasis, and leprosy), a proinflammatory Th1-type cytokine response is implicated in protective immunity [29] [30] [31] [32] [33] [34] [35] [36] .
One could postulate that the association between serum antitrophozoite IgG antibodies and more-frequent and -severe disease is a reflection of a Th2-type immune response that does not protect against colonic invasion. In this light, it is interesting that IgG4-isotype antibodies (induced in humans by the Th2 cytokine interleukin-4) were present in the serum anti-trophozoite IgG response associated with susceptibility to amebiasis but were lacking from the serum anti-CRD IgG response not associated with higher susceptibility. The presence of serum anti-trophozoite IgG antibodies may, therefore, be a marker in children who have suffered an invasive E. histolytica infection due to inadequate local innate or adaptive immune responses. For example, serum anti-trophozoite IgG antibodies are produced in response to infection by the invasive parasite E. histolytica but not with noninvasive infection by the closely related parasite Entamoeba dispar [1, 2] .
Two pieces of evidence are consistent with the notion that the anti-trophozoite IgG trait is inherited. First, family aggregation studies demonstrated that siblings of children with antitrophozoite IgG have 4.8-times-higher odds of having antitrophozoite IgG themselves. Second, prospective study showed that most children who are anti-trophozoite IgG Ϫ do not become anti-trophozoite IgG ϩ after new infection. The finding that absence of the trait is not due to absence of exposure to E. histolytica and the finding of aggregation in families are good initial indicators of genetic involvement and highlight the need for further genetic studies. It is often difficult to disentangle the genetic and environmental factors in complex or multifactorial disorders, however. To focus the scope of further genetic studies, we will, in the future, examine a number of biologically plausible candidate genes, for association, linkage, and linkage disequilibrium with this trait. Identification of genetic polymorphism associated with the susceptibility trait (anti-trophozoite IgG antibodies) may prove to be enlightening as to the contributions of different facets of the immune system to protection from amebiasis.
Finally, the high frequency of amebiasis in this community deserves comment. Half the children were infected during the 2 years of observation, and 4% had amebic colitis. It is perhaps appropriate that, as we begin to understand the contribution that genetics and acquired immune responses make to susceptibility, the true burden of disease due to amebiasis is comprehended. the commitment of the National Institutes of Health to its research efforts.
